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INTRODUCTION

With the recent completion of the Global Positioning System constellation and the
appearance of increasingly affordable spaceborne receivers, GPS is moving rapidly into
the world of space flight projects. Indecd, owing to the great utility and convenience of
autonomous onboard positioning, timing, and attitude determination, basic navigation
receivers are coming to be seen as amost indispensable to future low earth missions.
This development has been expected and awaited since the earliest days of GPS. Perhaps
more surprising has been the emergence of direct spaceborne GPS science and the
blossoming of new science applications for high performance geodetic Space receivers.
Applications of spaceborne GPS to Earth science include centimeter-level precise orbit
detcrmi nation (POD) to support ocean altimet ry; Earth gravity model improvement and
other enhancements to GPS global geodesy; high resolution 21> and 3D ionospheric
imaging; and atmospheric limb sounding (radio occultation) to recover precise profiles of
atmospheric density, pressure, temperature, and water vapor distribution. Figure 1 offers
asimplified summary of the Earth science now emerging from spaceborne GPS.
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Fig. 1. Some kcy science applications for aspaceborne array of GPS receivers,
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Fig. 2. Key system elements for precise orbit determination with differential GPS.

The Topex/Poscidon ocean altimetry satellite was launched into a 1300 km orbit on an
Ariane rocket in August of 1992. It carried an experimental dual-frequency P-code
receiver built by Motorola to test these new tracking techniques [Melbourne et al, 1994].
The Topex GPS POD demonstration has now surpassed pre-launch expectations of 5-
10 cm radial orbit accuracy by about a factor of three. _

A number of aspects of this experiment are notuble: (1) conventional dynamic
differential GPS orbit solutions were essential y equivalent to dynamic solutions obtained
with laser and DORIS (Doppler) tracking data, With radial accuracies of 3-4 cm RMS
[Schutz et al, 1994]; (2) reduced dynamic orbit solutions, in which the unique geometric
strength of GPS data Is used to minimize sensitivity to force model errors [ Wu et al,
1991] consistently improved upon dynamic solutions (judged primarily by altimeter
crossover agreements) to yield radial orbit accuracies of 2-3 cm RMS [ Yunck et al, 1994;
Bertiger et al, 1994; Hesper et al, 1994]; (3) University of Texas investigators used GPS
data from Topex/Poseidon to improve the Earth gravity model over what had earlier been
achieved by tuning with laser and DORISdata, leading to significantly reduced
geographically correlated dynamic orbit error [Bertiger et al 1994]; (4) dynamic orbits
with a GPS-tuned gravity model surpass those with iiluser/Doppler-tuned model, but fall
short (by -1 cm RMS) of GPS reduced dynamic orbits [ Bertiger e al, 1995]; (5) GPS -
based orbits of the highest accuracy are now obtained witha fully automated, unattended
processing system; (6) analysis based on Topexresults suggests that reduced dynamic
orbit accuracies of afcw centimeters should be 2 Hies able tor future missions at altitudes
below 500 km [Melbourne et al,1994; Bertiger er ul. 1w.1]; (7) recent unpublished
results by Ron Muellerschoen at J PL. indicate thatarctully tuned onboard dynamic
filtering could yield real time non-differential oitwt wccuracies of a fow meters under
nominal lcvels of selective availability. _

Since the Topex/Poseidon receiver cannot deer> ptihe Yeodes, the. GPS demonstration
has been partially in abeyance since anti-spoofing , aine cnncarly full time in January of
1994. Routine processing continues, however,with 1€,V code” data, yielding radial
accuracies in the range of 4-5 cm RMS, itself asomewhatsarprising Y€ sult. In the wake
Of the Topex success, GPS-based POD hasbeen adoptedtor several future altimetr
missions, 1n¢luding the U-S. Navy’s Geosat Follow On.whichwill carry a Rockwell
MAGR and is slated for a 1996 launch, and the Topx vPoscdonfollow-On, proposed for
launch later in the decade.
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time variation; and (2) pairs of low-orbiting microsats flying in formation on which
modified GPS receivers would make both conventional “high-low” GPS measurements to
observe the long-wavelength gravity components, and more precise “low-low” satellite-
satellite range and Doppler measurements (with accuracies of -10 p m and -1 pm/s) to
observe the shorter wavelength components, up to about degree and order 80. No such
mission has yet been approved.

Several planned international microsat missions will carry versions of the TurboStar for
atmospheric occultation and gravity modeling. These include the Danish @rsted and the
South African Sunsat missions, set to be launched together on a Delta rocket in 1997, and
a possible Brazilian SACI mission in 1998. In addition, a TurboStar is expected make
occultation observations from the Wakeshield facility, to be deployed and retrieved by
the Space. Shuittle this year; another will be placed aboar d the Russian MIR space station
in1997 for a timing experiment in cooperation with the Smithsonian Astrophysical
Observatory. At least a half-dozen other TurboStar flights are in the discussion stage.
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:‘% satp#ldes launched at once into a single orbit plane.
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Science: Global climate & weather modeling; iono-
spheric imaging; longwavelength gravity recovery
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Fig. 7. Concept for a pilot constellation of spaceborne GPS receivers for Earth science.

While the individual occultation missions will serve to advance the GPS technology
and validate its capabilities, they will do little for atmospheric science. It is the fervent
hope of the growing GPS occultation community that a small pilot constellation of a
dozen or so microsats will be sponsored either by government agencies or by commercial
interests (eyeing a potential worldwide market in GPS weather products) in the very near
future. One such concept being developed at JPL is shown in Fig. 7. This could be the
prelude to an array of hundreds of tiny, autonomous satellites continuously monitoring
the global atmosphere and ionosphere three-dimension:il]y, with high resolution in space
and time (while also improving the gravity model), within a decade. The results from
GPS/MET have made the prospect of such a mission tantalizing, and the prospects for its
eventual deployment highly promising.

DISCUSSION

GPS s quickly achieving a routine presence in space for the basic utility functions of red
time onboard state determination, precise time and frequency transfer, and moderate
precision attitude determination, and is likely to be the method of choice for those tasks










